We present a physically rigorous method to calculate solventdependent accessible surface areas (ASAs) of amino acid residues in unfolded proteins. ASA values will be larger in a good solvent, where solute-solvent interactions dominate and promote chain extension. Conversely, they will be smaller in a poor solvent, where solute-solute interactions dominate and promote chain collapse. In the method described here, these solvent-dependent effects are modeled by Boltzmann-weighting a simulated ensemble for solvent quality-good or poor. Solvent quality is parameterized as intramolecular hydrogen bond strength, using a ''hydrogen bond dial'' that can be varied from ''off'' to ''high'' (i.e., from 0 to ؊6 kcal/mol per hydrogen bond). When plotted as a function of hydrogen bond strength, the Boltzmann-weighted distribution of conformers describes a sigmoidal curve, with a transition midpoint near 1. ␥-turns ͉ hydrogen bonding ͉ protein folding ͉ unfolded state G lobular proteins fold to uniquely ordered, biologically relevant conformers under physiological conditions, but they unfold at high temperature, high pressure, extremes of pH, or in the presence of denaturing solvents. The transition between these states, N(ative) º U(nfolded), is spontaneous, cooperative, and reversible (1). With some exceptions (2), the N state is the biologically relevant form, and it is amenable to structural characterization (3). In contrast, the U state can only be described by a statistical model (4-6) and characterized in terms of averaged dimensions, for example, its mean radius of gyration (͗Rg͘) or its mean-squared end-to-end distance (͗L 2 ͘) (7). In addition to these classical measures, a reliable estimate of accessible surface area (ASA) (8) in the unfolded state has become a pressing need of late, motivated particularly by recent work that requires it (9, 10). Calculation of native-state ASA is straightforward in proteins of known structure (11-13), but corresponding values in the unfolded state are model-dependent. Creamer et al. (14, 15) sought to estimate the ASA of residues in the unfolded state by bracketing it between two reliable extremes, an upper limit modeled on an extended polypeptide in good solvent and a lower limit extracted from chain segments in proteins of known structure. As a practical measure, Schellman (16) took the mean of these two extremes, and Auton and Bolen (9) followed suit. However, simply using the numerical average is unsatisfying because it lacks a rigorous physical basis. In an innovative approach, Goldenberg (17) simulated populations of protein-length chains by adapting a standard software package that had been developed originally to generate three-dimensional models from NMR-derived distance constraints. But this approach is not entirely satisfying either because a disproportionately large fraction of the residues fall within sterically restricted regions of conformational space (see table 1 
We present a physically rigorous method to calculate solventdependent accessible surface areas (ASAs) of amino acid residues in unfolded proteins. ASA values will be larger in a good solvent, where solute-solvent interactions dominate and promote chain extension. Conversely, they will be smaller in a poor solvent, where solute-solute interactions dominate and promote chain collapse. In the method described here, these solvent-dependent effects are modeled by Boltzmann-weighting a simulated ensemble for solvent quality-good or poor. Solvent quality is parameterized as intramolecular hydrogen bond strength, using a ''hydrogen bond dial'' that can be varied from ''off'' to ''high'' (i.e., from 0 to ؊6 kcal/mol per hydrogen bond). When plotted as a function of hydrogen bond strength, the Boltzmann-weighted distribution of conformers describes a sigmoidal curve, with a transition midpoint near 1. ␥-turns ͉ hydrogen bonding ͉ protein folding ͉ unfolded state G lobular proteins fold to uniquely ordered, biologically relevant conformers under physiological conditions, but they unfold at high temperature, high pressure, extremes of pH, or in the presence of denaturing solvents. The transition between these states, N(ative) º U(nfolded), is spontaneous, cooperative, and reversible (1) . With some exceptions (2) , the N state is the biologically relevant form, and it is amenable to structural characterization (3) . In contrast, the U state can only be described by a statistical model (4) (5) (6) and characterized in terms of averaged dimensions, for example, its mean radius of gyration (͗Rg͘) or its mean-squared end-to-end distance (͗L 2 ͘) (7). In addition to these classical measures, a reliable estimate of accessible surface area (ASA) (8) in the unfolded state has become a pressing need of late, motivated particularly by recent work that requires it (9, 10). Calculation of native-state ASA is straightforward in proteins of known structure (11) (12) (13) , but corresponding values in the unfolded state are model-dependent. Creamer et al. (14, 15) sought to estimate the ASA of residues in the unfolded state by bracketing it between two reliable extremes, an upper limit modeled on an extended polypeptide in good solvent and a lower limit extracted from chain segments in proteins of known structure. As a practical measure, Schellman (16) took the mean of these two extremes, and Auton and Bolen (9) followed suit. However, simply using the numerical average is unsatisfying because it lacks a rigorous physical basis. In an innovative approach, Goldenberg (17) simulated populations of protein-length chains by adapting a standard software package that had been developed originally to generate three-dimensional models from NMR-derived distance constraints. But this approach is not entirely satisfying either because a disproportionately large fraction of the residues fall within sterically restricted regions of conformational space (see table 1 in ref. 17) .
Here, we describe a physically based method to calculate both backbone and side-chain residue surface areas. The desired data are extracted from an ensemble of clash-free, hydrogen bond-satisfied peptides, generated by randomly varying backbone dihedral angles (including the -angle) within sterically allowed regions of conformational space (,-regions). Hydrogen bond partners for polar groups in members of this ensemble are provided by either the backbone or water. The size of the ensemble needed to achieve statistical significance is determined by stringent convergence criteria, as described. Resulting radii of gyration and end-to-end distances of this ensemble are shown to be Gaussian-distributed, with averages as expected for randomly coiled peptides of corresponding length (4) . By using this model, ASA values can be scaled to reflect solvent quality-good or poor-by Boltzmann-weighting the ensemble according to hydrogen bond strength. Results from these simulations predict that a significant population of inverse ␥-turns (C 7 -equatorial) will be found in blocked polyalanyl heptamers in poor solvent, an experimentally verifiable conjecture.
Results

Description of Simulations.
Representative ensembles of clash-free, hydrogen bond-satisfied conformers were generated for successive blocked polyalanyl peptides, ranging in length from monomers to seven-mers, by Monte Carlo fragment assembly using a nine-state model. Hydrogen bond satisfaction for backbone polar groups is provided by either intramolecular partners or solvent. At each peptide length, the backbone accessible surface area (ASA) was calculated, an additional peptide unit was added, and a new round of simulation was initiated. This cycle was repeated until the ASA reached a plateau, which occurred by n ϭ 7, as shown in Fig. 1 . Perhaps surprisingly, a blocked seven-mer is sufficient to assess unfolded-state ASA.
Conformers of desired length were generated using our previously described fragment-based method (18, 19) , although several improvements to the earlier work are introduced here. In essence, conformation space is divided into mesostates, each of which corresponds to a 70°ϫ 70°grid square on the ,-map (Fig. 2a) . These nine states cover Ͼ90% of the high-resolution (Յ2 Å, R Յ 0.25) nonredundant (20) coil library (21) , a repository of conformers other than ␣-helices and ␤-strands excised from proteins of known structure (20) and taken as a model for unfolded-state conformers (22, 23) . The remaining 10% of conformers not covered by these nine mesostates are on the right-hand side of the ,-map (i.e., Ͼ 0°), and 77% are from glycine residues.
Clash-free, hydrogen bond-satisfied (by either backbone or water) conformers were generated at random from fragments in a fragment library. This library of six-residue fragments was constructed from a computational procedure, not from a structural database, using a method described in ref. 24 . A six-residue fragment length was chosen because systematic local steric clash can span six consecutive residues in polypeptides (24) (25) (26) . The fragment-assembly algorithm was devised to generate conformers of any desired length from an unbiased fusion of library fragments. Each conformer was then mapped into its corresponding mesostate sequence, a many:one mapping. Consequently, the distribution of companion mesostate sequences mirrors the underlying distribution of torsion angles in the fragment library and is suitable for use in evaluating when the stopping criteria have been met.
The size of the ensemble needed for statistical significance at each peptide length is based on two rigorous stopping criteria: (i) additional conformers are generated at random until the entropy of the conformational space spanned by the ensemble attains equilibrium, and (ii) the mesostate sequences of at least 95% of the previous 1,000 conformers have already been sampled. Ensemble size expands rapidly with peptide length, reaching 7,333,000 conformers for blocked seven-residue peptides (Table 1) . A plot of all ,-values sampled by this ensemble is shown in Fig. 2b , and a full description of the algorithm is given in Methods.
Using these criteria, each generated ensemble closely approximates a normal distribution (Fig. 3) , with a calculated mean radius of gyration, ͗Rg͘, as expected for a statistical coil of that length (Table 1) . In greater detail, the well known power-law relationship (27) between chain length and ͗Rg͘ for a random coil with excluded volume in good solvent is given by the equation
where N is the chain length in monomer units, Ro is a prefactor related to the persistence length, and is the characteristic exponent that depends on solvent quality. When best-fit to this equation, our ͗Rg͘ values are
Both the prefactor and exponent are close to those reported by Kohn et al. (1.330 and 0.605, respectively) from small-angle x-ray scattering measurements of 26 denatured proteins (28) .
Dialing-in Hydrogen Bond Energy. If a randomly generated conformer juxtaposes a backbone donor and acceptor and has acceptable hydrogen bond geometry, the criterion for steric clash is relaxed, and the groups are classified as hydrogen bond-satisfied. Consequently, unweighted hydrogen-bonded pairs are present in the initial population, and the ensemble can then be reweighted based on an assigned intramolecular hydrogen bond energy, which is varied between 0 and Ϫ6 kcal/mol. When the Boltzmann-weighted distribution of conformers is plotted as a function of the assigned hydrogen bond energy, characteristic measures such as ͗Rg͘ and ͗end-to-end distance͘ describe a sigmoidal transition with a midpoint near 1.5 kcal/mol per hydrogen bond (Fig. 4) . This midpoint approximates experimentally determined values (29) (30) (31) , although perhaps fortuitously so, given the omission of all energetic terms in our simulations except sterics and hydrogen bonding. Regardless, the transition midpoint is similar for all parameters of interest and provides a self-consistent reference point at which to characterize the hydrogen bond-weighted population.
Surface Area of Residues in the Unfolded State. As shown in Fig. 1 , backbone ASA for a blocked polyalanyl peptide reaches a plateau by n ϭ 7. Accordingly, the central residue in an Ac-(Ala) 3 -Xaa-(Ala) 3 -Nme peptide is used to estimate the average accessible surface area of unfolded state residues, where Xaa is any of the 20 possible residues. Backbone and side-chain ASA values for each residue type are listed in Table 2 .
Overall, the backbone values in Table 2 are similar to Creamer's upper bounds (15) . In some cases, they can even exceed Creamer's extended-conformation upper limit by a few ångstroms because peptide flexibility in our ensemble model allows for greater curvature and, hence, slightly greater backbone exposure than a completely extended conformation. Unlike backbone values, sidechain ASA has not yet reached a plateau at n ϭ 7, and therefore the side-chain values listed in Table 2 can only be regarded as upper limits.
Of course, ASA values are solvent-dependent. A good solvent like urea interacts favorably with the peptide backbone (10, (32) (33) (34) , promoting extended conformations (35) . Conversely, a poor solvent like trimethylamine N-oxide (TMAO) interacts unfavorably with the backbone, promoting contracted conformations (36) together with associated intramolecular hydrogen bonding (37) . The issue of When n is an even number, ͗ASA͘ is averaged over the two central residues. Every conformer in each ensemble is clash-free, with backbone polar groups that form isoenergetic hydrogen bonds, either to other backbone partners or to solvent. From the plot, it is apparent that backbone ͗ASA͘ attains a plateau by n ϭ 7. whether aqueous buffer alone is a good or poor solvent remains a topic of considerable controversy.
To capture solvent dependence, parameters of interest, ͗X͘, were reweighted using an intramolecular hydrogen bond potential, , that ranges from 0 to Ϫ6 in decrements of 0.1:
where X i is the parameter value in conformation i, is the hydrogen bond energy in kilocalories per mole, H i is the number of intramolecular hydrogen bonds in conformation i, N is number of conformers in the ensemble, R is the gas constant, T is the absolute temperature, and ␤ ϭ 1/RT is taken at T ϭ 300 K. This sum is normalized by the partition function, Z, the Boltzmann-weighted sum over all conformers in the canonical ensemble, i.e., Z ϭ ¥ i e Ϫ␤Hi . The value of ϭ 0 represents an unweighted average, where conformers satisfying hydrogen bond geometry are present but make no energetic contribution to the ensemble; successive -values correspond to increasingly poor solvent and correspondingly stronger backbone-backbone hydrogen bonds. The transition from good to poor solvent for parameters of interest in Fig. 4 is consistent with the coil-globule transition observed in the denatured state of protein L on transfer from denaturing solvent to folding conditions (38) .
For calculations that require unfolded state ASA values under folding conditions, we propose using the seven-mer ensemble, weighted by a hydrogen bond energy of 1.5 kcal/mol. This value corresponds to an approximate transition midpoint for the parameters shown in Fig. 4, akin to a -point (ref. 4, p 34) , where expanded conformers counterbalance contracted conformers. The average per-residue ASA value of each backbone and side chain, calculated at this selected hydrogen bond energy, is listed in Table 2 . Backbone values are in close agreement with the average of Creamer's upper and lower bounds (15) , illustrated graphically in Fig. 5 , and therefore these values are also close to Schellman's estimate (16) used by Auton and Bolen (9, 10). Side-chain ASA sampled at this hydrogen bond energy is listed in Table 2 , but, as noted, these side-chain values have not quite leveled off at n ϭ 7, resulting in calculated values that are often larger than the mean of Creamer's upper and lower bounds. Nevertheless, these side-chain ASAs can serve to refine the estimated upper bounds at the transition midpoint.
␥-Turns in the Unfolded Population. At the transition midpoint, the reweighted ,-map has a significant population in the ␥-basin (Fig.  6a) , resembling the corresponding basin from the coil library (Fig.  6b) . In the coil library, the ␥-basin is centered at , ϭ Ϫ85°, 78°, adjacent to the P II basin, centered at , ϭ Ϫ65°, 141°. Unlike a three-residue turn of P II helix, which lacks intramolecular hydrogen bonds (39), a residue in ␥-conformation (i.e., C 7 -equatorial) at position i engenders a three-residue, hydrogen-bonded inverse ␥-turn: NH (i ϩ 1)⅐ ⅐ ⅐OϭC (i Ϫ 1) (40) . The emergence of a pronounced ␥-basin in these simulations is insensitive to the particular choice of hydrogen bond energy; any value within a broad range would suffice because a seven-residue peptide can realize a sterically accessible, hydrogen-bonded conformer in only a few conformational classes (e.g., ␥-, ␤-, or ␣-helical turn), of which the ␥-turn pays the smallest price in conformational entropy. The agreement between these simple simulations and data from solved structures in the coil library is consistent with the supposition that the ␥-population, observed in experimentally determined structures, is promoted by local hydrogen bonding. If this supposition is correct, blocked polyalanyl heptamers in poor solvent will populate ␥-turns in detectable measure.
Discussion
For solutes like peptides that undergo solvent-dependent conformational changes (41, 42) , characteristic system parameters like Fig. 3 . Radii of gyration from simulations. Radii of gyration, Rg, from Ac-(Ala) n-Nme ensembles for n ϭ 4, 5, 6, and 7 (colored black, red, green, and blue, respectively). Data are displayed as probability densities (like smoothed histograms): the distribution of Rg values has been normalized to unity in these equal-area curves. Each generated ensemble closely approximates a normal distribution, with a mean ͗Rg͘ near the value expected for a statistical coil of corresponding length in good solvent (see Table 1 ). (30, 31) . At unrealistically strong hydrogen bond energies, a small number of unusual conformers can dominate the Boltzmann-weighted population, perturbing the sigmoid curve, as seen in the ͗ASA backbone͘ plot. In this particular case, the perturbation is a singularity that results from overweighting a small subpopulation with multiple sites of self-interaction, and it is length-specific; the corresponding plot for six-mers is smoothly sigmoidal (data not shown). In practice, such singularities are not a problem under more realistic solvent conditions. As seen in the four profiles, the transition midpoint is similar for all ensemble-averaged parameters of interest, and it provides a physically based reference point. *Ensembles were generated for Ac-(Ala)n-Nme peptides, with n ranging from 2 to 7. † The number of generated conformers in the ensemble. ‡ The calculated mean radius of gyration, ͗Rg͘, for the ensemble. § The value of ͗Rg͘ predicted for a statistical coil of corresponding in good solvent from Eq. 1, using a prefactor of R 0 ϭ 2.0 and an exponent of ϭ 0.6.
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͗ASA͘ and ͗Rg͘ are underdetermined without an explicit specification of solvent conditions. In particular, the population of intramolecular hydrogen-bonded structures in peptides depends on solvent quality, defined as the character of some solvent relative to a reference solvent, typically aqueous buffer. A good solvent favors enhanced solute-solvent interactions; a poor solvent favors enhanced solute-solute interactions. Cosolvents that enhance solvent quality, like urea, promote backbone-solvent hydrogen bonding, whereas cosolvents that reduce solvent quality, like TMAO, promote backbone-backbone hydrogen bonding (37, 43) . Consistent with these experimental data, peptide-solvent interactions are known to have a dramatic effect on the backbone but only a comparatively small effect on side chains (9, 10, (32) (33) (34) .
In essence, these conformation-dependent effects can be characterized as solvent-mediated competition between inter-and intramolecular hydrogen bonds (44) . The ensemble approach developed here seeks to capture solvent conditions by a ''hydrogen bond dial'' that models solvent quality by regulating the energy assigned to an intramolecular hydrogen bond (25) . As the dial is varied from ''off'' to ''high'' (i.e., 0 to Ϫ6 kcal/mol), parameters of interest trace sigmoidal curves with similar transition midpoints. Approximately 72% of the conformers in the ensemble of blocked polyalanyl seven-mers include at least one hydrogen-bonded configuration, resulting in a substantial population of contracted conformers at the transition midpoint.
Almost all of these hydrogen-bonded configurations are involved in peptide chain turns, predominantly inverse ␥-turns (Fig. 6a) that form N-H (i ϩ 1) ⅐ ⅐ ⅐ (i Ϫ 1) OϭC hydrogen bonds (40) . A single residue at position i with backbone dihedral angles in the ␥-basin is sufficient to engender a ␥-turn. Other recent studies also report a significant turn population in peptides (45-49) under various solvent conditions. Schweitzer-Stenner and Measey (49) report that the turn population is length-dependent, with only a small fraction in trimers and tetramers but a large fraction in seven-mers. Their focus is on ␤-turns, but the same conclusion would hold for inverse ␥-turns.
There is an extensive earlier chemical literature on ␥-turns; see, for example, refs. 50-52. More recently, Kallenbach and coworkers (45) found they can drive the short pentapeptide AcGGAGGNH 2 from P II toward an increasing population of hydrogen-bonded ␥-or ␤-turns by using selected cosolvent additions that produce graduated reductions in solvent quality. Conversely, Creamer and coworkers (53) found that they can promote P II conformation by addition of the cosolvent urea, which enhances solvent quality by interacting with the protein backbone (10, (32) (33) (34) and competing with intramolecular hydrogen bonds (37) .
Much recent work-both experimental and theoretical-reports a significant population of P II conformation in unfolded proteins; see ref. 54 and references therein. In retrospect, a source of unsuspected confusion in interpreting such results is the widespread Mean accessible surface areas, ͗ASAbackbone͘ and ͗ASAside chain͘, for the central residue of the Ac-(Ala)3-X-(Ala)3-Nme ensemble, where X is any of the 20 residues. *Hydrogen bond strength (in kcal/mol per hydrogen bond) is ''dialed'' from ''off'' to ''high'' as solvent quality is shifted from good to poor. Values are given at ''off'' and near the transition midpoint, at Ϫ1.5 (see Fig. 4 ). † Upper and lower bounds for ͗ASA͘ from the Creamer models (14, 15) , and the arithmetic average of these two extrema (see Fig. 5 ). tendency to overclassify ␥-conformers into the P II -basin when subdividing the ,-map. Ramachandran et al. (55) distinguished P II conformation from 2.2 7 -helix (their terminology for inverse ␥-conformers), but this distinction has often been ignored in more recent work-regrettably so. The P II -and ␥-basins occupy distinct, nonintersecting regions of the ,-map (Fig. 6b) , and they are chemically distinct as well; only the latter forms intramolecular hydrogen-bonded structures.
We caution that the approach presented here is an imperfect model. The hydrogen bond dial eliminates the need for explicit hydrogen bond energies (intrapeptide, peptide-water, waterwater), substituting instead the energy by which an intramolecular hydrogen bond exceeds that of a corresponoding peptidewater hydrogen bond (29, 31) . Further, for peptides in a good solvent, hydrogen-bonded conformers were accepted deliberately, albeit with energy ϭ 0. Were the donor-acceptor distance of close approach constrained to be no less than the sum of their respective van der Waals radii, conformers would be more extended, on average, than those generated here. Such populations could be modeled readily by regenerating the ensemble using the current approach but with the criteria for steric collision imposed on all interatomic interactions, including donor-acceptor pairs. In this case, the hydrogen-bonding requirements of backbone polar groups would be satisfied exclusively by solvent. However, our emphasis here is on unfolded proteins under folding conditions, not under good-solvent extremes. Moreover, despite this caveat, the present model is probably sufficient for most practical purposes given that the ͗Rg͘ values in Table 1 exhibit only minor deviations from the expected averages for randomly coiled peptides (4).
We conclude this discussion by again underscoring the degree to which the unfolded state is a dynamic ensemble for which the values of familiar characteristic parameters depend on solvent quality. Seen in a larger context, our results suggest the need for a reassessment of hydrogen bonding in unfolded proteins under solvent conditions of experimental interest (29) such as molten globules (56, 57) . The prediction of a population of ␥-turns in short peptides, described in the preceding, is but one example. In general, it is apparent that protein-solvent interactions in the unfolded states can depart radically from the naive picture of a featureless backbone (24, 26) with polar groups that are satisfied exclusively by solvent (58) .
Methods
Boltzmann-weighted ASAs were calculated for the middle residue, Xaa, in a blocked alanine-based host, N-acetyl-(Ala)k-Xaa-(Ala)k-N-methylamide; Xaa is any of the 20 residues. Backbone conformational entropy was calculated by using a corresponding polyalanyl peptide, Ac-(Ala) n-Nme, with n ϭ 2k ϩ 1. Backbone (, , ) and side-chain (i) torsions were varied as described; bond lengths and angles, taken from the LINUS package (59, 60) , were held constant at typical values.
Nine-State Model. The ,-map (Fig. 2a) was subdivided into nine sterically allowed regions (gray areas labeled A to I), each 70°ϫ 70°, called mesostates. Only 10% of residues in the coil library (21) fall outside these nine states; 77% of these outliers are glycines with Ͼ 0. Any backbone structure with known ,-angles can be mapped into a conformational string, that is, a linear sequence of mesostates chosen from these nine sterically allowed regions. In cases where none of the nine mesostates included a particular ,-pair, the residue in question was assigned to the closest mesostate. Conformational strings obtained in this way are used to estimate the effective size of the ensemble, as described next.
Entropy and the Size of Conformational Space. Conformers of length n are generated at random by fragment assembly from a fragment library (described below). We seek a thermodynamically based estimator that measures the degree to which this generated ensemble of conformers, ⍀, spans available conformational space. The entropy of the ensemble, S ϭ R log ⍀, is such a measure but suffers from the familiar problem that S increases without limit as the number of generated fragments increases. However, the number of possible conformational strings is fixed at 9 n , and the probability of any given string is determined by the underlying distribution of its torsion angles in the fragment library.
Using this relationship, the desired estimator is obtained by mapping the generated conformers into their corresponding conformational strings. Then, taking each conformational string to represent a microstate, the ensemble entropy, S ϭ R log ⍀, can be calculated as
where summation is over the ensemble of generated strings, ⍀; pi is the probability that the conformer will adopt the ith conformational string; and R is the ideal gas constant. Accordingly, we use S/R ϭ Ϫ ¥i pi log pi to estimate the magnitude of conformational space. 6 . Weighted ,-maps from simulation and experiment. (a) An energy-weighted map of the Ac-(Ala)7-Nme ensemble with hydrogen-bond energy set to its value at the transition midpoint in Fig. 4. (b) A population-weighted map of conformers from the coil library (21) . These contour maps are partitioned into a 2°ϫ 2°grid; grid squares are colored by the total number of conformers they contain. Colors are indicated on the rainbow scale, to the right of each figure. In energy-weighted simulations (a), the only conspicuous region of high population density corresponds to inverse ␥-turns (i.e., C7-equatorial), a three-residue, hydrogen-bonded NH (i ϩ 1)⅐ ⅐ ⅐OϭC (i Ϫ 1) conformation (40) . A distinct peninsula that also corresponds to inverse ␥-turns is observed in experimentally derived structures (b).
Construction of the Fragment
